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I. INTRODUCTION 

The Remote Sensing Center at Texas ASM University (TAMU) has com- 
pleted the first phase of a study program for the National Aeronautics 
and Space Administration. Johnson Space Center (NASA/JSC) to develop 
an advanced synthetic aperture radar (SAR) design concept. Attributes 
of particular importance for the system design include wide swath 
coverage, reduced power requirements, and versatility in the selection 
of frequency, polarization and incident angle. The motivation for 
implementing the study program was the work previously performed at 
TAMU on the developtnent of a multiple beam architecture for a synthe- 
tic aperture imaging radar. 

The multiple beam configuration provides imaging at a nearly con- 
stant angle of incidence and offers the potential of realizing a wide 
range of the attributes desired for an orbital imaging radar for earth 
resources applications. 

In addition to the development of a design approach for an 
advanced imaging radar systan based upon the multiple beam concept. 
TAMU also provided technical evaluation support to JSC on the Advanced 
Synthetic ^erture Radar (ASAR) program. TAMU participated in a num- 
ber of ASAR design review and planning meetings and concurred with the 
decision by NASA to redirect the ASAR effort away from its original 
ambitious objectives. Rather than prematurely attempt to implement a 


imiUt-modei imi U1 -frequency . ntiUl-polarl/atlon, and inuUI-appI icatlon 
sensor» TAMU supports a more basic research and development effort 
that concentrates on advanced space-qualified antenna designs and In 
the development of syste»« architectures that allow for efficient and 
timely processing of the resulting Images. 

The following sections of this report document the multiple beam 
concept and present a design example that Illustrates the potential 
advantages of the multiple beam configuration. 
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II. BACKGROUND 


In recent years the role of synthetic aperture radar (SAR) sys- 
tems has been extended beyond gathering military intelligence to pro- 
viding all weather, day or night, maps of the earth [1], There is a 
growing demand among scientists in a wide range of disciplines to ob- 
tain timely, high resolution, wide swath rctive microwave imagery of 
the earth from a spacecraft platform in much the sai'ie way that optical 
spectra data are provided by the LANDSAT series of satellites [2]. 
The design of SAR systems for earth observation applications repre- 
sents a different set of performance objectives from those identified 
for military systems, particularly when quantitative analysis of the 
image data is required. 

Conventional SAR systems, which etiiploy a single sido-looMnq 
antenna beam, fail to satisfy many important criteria imposed when 
monitoring earth resources. The criteria include both image interpre- 
tation and system implementation requi reinents . A wide swath image 
formed with a single side-looking beam can be diffici.lt to interpret 
because of the variation in incident angle across the scene. The 
radar scattering coefficient, o“, is highly dependent upon incident 
angle. A large incident angle variation across the image can obscure 
the effects of other scene parameters on a“ [3J. There is also geo- 
metric distortion introduced across the swath because spatial resolu- 
tion in this dimension is also angle dependent. 

A side-looking SAR requires a high peak power transmitter for 
adequate signal-to-noise ratio and a long antenna in the along-track 
dimension for azimuth ambiguity reduction. These requirements compen- 
sate for the low pulse repetition frequency (PRF) needed for range 
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ambiguity avoidance. In aildition, the coiiiploxity of the radar return 
signal makes the design of signal processors riifficult and expensive. 

An interesting system, called SCANSAR , has been suggested for 
achieving wide swath coverage that circumvents the ambiguity problems 
of broad fan beam antennas and also conserves traismi tter powar when 
the antenna length is constrained. The approach i‘ that of step scan- 
ning a narrow antenna beam over the desired swath and synthesizing a 
synthetic aperture image within the beam at each step in the scan 
[4]. With careful control of the dwell time and scanning rate, con- 
tinuous coverage over a wide swath can be obtained. Tbe scanning 
synthetic aperture radar, however, is limited in its resolution cap- 
..^ility and in tbe amount of non-coherent averaging that can be done 
to reduce coherent speckle in the radar image. Also the currently 
proposed SCANSAR does not provide a constant incident angle imagr*. 

The problems and limitations imposed by conventional side-looking 
SAR and the SCANSAR have led to an alternative system design concept 
first proposed by Claassen and Eckennan [bj. The concept is that of 
forming multiple real antenna beams by appropriately processing the 
signals from the individual elements of a sin<j1e receiving array. ' ' 
beams are projected along the surface of a cone as shown in '^igure 1, 
so as to intersect the earth at a nearly constant angle of incidence. 
The returns from the independent beams are further processed to pro- 
vide a high resolution synthetic aperture image. 

This report presents the basic architecture of a Multiple Beam 
SAR and suggests possible implementation techniques for the various 
sub-systems. Antenna beam requirements are related to the image reso- 
lution and swath coverage requirements. A novel beam forming 
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Figure I. A multiple beam configuration for a wide swath, 
constant inciaent cnglt synthetic aper*;ire rrdor 



technique which provides simultaneous beam formation and ranqe com- 
pression Is Identified. A processinq technique for SAR imaqe forma- 
tion which lends Itself to real-time analoq electronic Implementation 
Is also presented and analyzed. 

The advantages of the Multiple Reiim SAR concept. In addition to 
providing wide swath coverayj? at a nearly const.int Incident angle, are 
that It reduces the peak, and often the average, transmitter power 
requirements. It gives considerable relief from the range and azimuth 
ambiguity suppression constraints, and It employs an antenna which may 
be more easily deployed In space. The penalty associated with the 
multiple antenna beam conf Iguratlon Is the additional signal process- 
ing required to form the beams. For the modest resolutions often 
associated with orbital mapping of earth resources, the Increased sig- 
nal processing burden required for beam formation can be somewhat off- 
set by the reduced complexity in the SAR Image formation processor. 


III. THE MULTIf’LE BEAM CONI llUIMATION 


The antenna for the Multiple Beam SAR is mounted vertically. It 
consists of a rectangular array which is oriented with respect to the 
vehicle velocity vector as depicted in Figure The array is rotated 
about its vertical axis (the z-axis in Figure ?.) to point the direc- 
tion of <|»o. Multiple beams are formed about .{o to give angular cover- 
age from ^niax* vertical dimension of the array is 

designed to produce a narrow elevation beanwidth. This contrasts with 
the side-looking configuration which requires a broad elevation beam. 

In the horizontal dimension, signals from the individual eletiients 
are combined by a beam formation processor to yield output signals 
corresponding to multiple, independent antenna beams, each having the 
gain of the full array. These signals are further processed to form a 
synthetic aperture image within each of the real antenna beams. A 

functional block diagram of the Multiple beam SAR is shown in Figure 
3 . 

The incident angle, swath width, and resolution requirements for 
the SAR system constrain the design of the antenna array. Consider 
first the inside portion of the swath near •fmin)* available 

synthetic aperture length is set by the elevation beainwidth, 

The relationship may be written approximately as 

1^0 ^e 

vTa = 

C0S<{> COSOq 

where vT^ = aperture integration length 

(velocity times aperture integration time) 
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Figure 3. Block diagram of o Multiple Beam SAP system. 





Rq = range to tht? beam center 

4 > 3 azimuth angle variable 

0Q - incident angle (elevation angle variable) 

If Nj^ independent looks are reguired, with an a long- track 
resolution the aperture integration len»|th must, l)e such that 

^ ^ Njj \ U,j 

2 Px(l“Sin'’u,iCos-'<,‘ ) 

where X is the wavelength {.6j, Note that "along track" 

resolution, not the azimuth resolution. The use of here makes 
sense, since a target passes through the beam in the along track or x 
direction. A minimum value for is 


NyX C()S 0 (jCOS p 
2 px(l " sin' iiy COS' ii'nij . 

The maximum elevation beamwidth is determine(f by range ambiguity 
constraints. Expressed in terms of aR, the unambiguous slant range 
interval, the bound on 


AR COtOy 

He < 

Slant range interval and the along-track resolution must be 
traded via limits placed on the PRF in sampling the Doppler spectrum. 
The Nyquist sampling rate for roige offset processing may be expressed 
in terms of the vehicle velocity, along-track resolution and number of 
looks. 

vNtf 

PRF ;• 


Px 
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To avoid riinge ambiyu i t ies , tiii' slant rdiMjt* intHrval and the PId are 
related as 


c 

AIv' < - Cl 

y.m 


where c is the electroiiidiinotic wave velocity of propaijation, and t is 
the transmi tted pulse width. Ihe Doppler spectrii.n and rancp? amhigiiity 
limits may be combined in a sinyle expression as 

C I'x 

aR < - c I . 

?vN^ 

Thus, the tiiaxiniuiii elevation beaniwidth may be written in terms of tlu» 
alony-trcuk resolution, the nuiiiher of i.ii/lti()le looks, the incident 
anyle, the vehicle velocity, and the transmi t t(>d pulse width. Tfie 
resultiny expression is 


C COIOq 


I'e ^ 



I 


*-’x 



(3) 


The limits imposed by ( 1 ) and (3) are ratlior broad atul allow consider- 
able flexibility in specify iny (3^. The tipper limit on Pp is a 
significant constraint for a side-looking system since wide swath 
coverage requires a large elevation beamwidth. This limit is seldom 
of concern for the Multiple Hearn conf iquration, since wide swath 
coverage is obtained in the vuiiiwth dimension, not in range. In gen- 
eral, the elevation beamwidth will be chosen to be as small as pos- 
sible to take advantage of the corresponding large antenna gain. 


The considerations for deteriiiinintj the horizontal dimension 
specifications are similar to those for the vertical dimension. An 
additional requirement is that the beamwidth in 4 . must be wide enough 



at each beam position to assure overlappiny coverage across the entire 
swath. For large 4 >, it is the horizontal bearrwidth which determines 
the synthetic aperture length. This forces a lower limit on 3^ 
which is similar to the requirement on 3© expressed in (1). That 
is, 3h is bounded by the appoxiinate inequality. 

A/sin i|>fnax 

3 ^ ^ —— 

Px(l - sin^Gg cos^4;,Dax)* 

Again it is desirable to achieve as small a beaniwidth as possible to 
reduce power requirements. 

The familiar expression for the signal-to-noise ratio of a syn- 
thetic aperture radar may be applied to the Multiple Beam SAR with 
slight modification [7]. The signal-to-noise ratio may be written as 



,0 


3 

NgSuk TqF^R a V sinu 


( 4 ) 


where Pavg average transmitted power 

0 ° = cross-section per unit area 
pp = slant range resolution 
k = Boltzman's constant 
Tq = reference temperature 
Fp = receiver noise figure 

Dht = horizontal dimension of the transmitting antenna 
Df^P = horizontal dimension of the receiving antenna 
Dg = receiving and transmitting antenna elevation dimension 
Ny = number of beams 
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The transmitting antenna beamwldth In the hor1;(onta1 dimension Is 
roughly Nb times the beaniwldth of the receiving antenna, where Ng 
Is the number of beams. The signal-to-nolse ratio thus appears to he 
reduced by the factor l/Ng from that of a cotipeting single beam sys- 
tem. However, for comparable swath coverage from a single beam sys- 
tem, both transmitting and receiving beanwidths would be larger by a 
factor of Ng for an overall 1/Ng^ s1gnal-to-no1se ratio reduc- 
tion. Thus In terms of antenna gain alone, the multiple beam system 
appears to offer roughly a factor of Ng signal-to-nolse ratio 
Improvement over a single beam system giving comparable swath cover- 
age. However, this signal-to-nolse ratio advantage is lost in the 
beam formation network since the overall processing bandwidth nust be 
Nb times that of a single beam system. 

A signal-to-noise ratio advantage that Is not lost however. Is 
that due to the allowable increase In the PRF. The PRF can be in- 
creased by the same amount that the elevation beam-width is reduced. 
Typically the repetition rate can be increased by a factor of at least 
Ng over a conventional single beam side-looking system. Because of 
the accompanying Increase in the PRF, increasing the length of the 
antenna in the elevation dimension has a twofold impact on reducing 
the peak power requirement. For wide swath designs this savings in 
peak power can be significant. 

In addition to reducing the peak power requirement, the multiple 
beam configuration can significantly reduce the dynamic range require- 
ment of the receiver. Because the Image is formed at a nearly con- 
stant Incident angle, the large variation In o° as a function of 
angle no longer becomes a factor in specifying the dynamic range of 
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the system. As a practical matter, this also leads to an improvement 
in signal-to-noise ratio for systems employinq an analog to digital 
(A/D) converter. A reduction in dynamic range for a fixed number of 
bits in the A/f) leads to a reduction in quantization noise. If quant- 
ization noise is not a limiting factor then the number of bits can be 
reduced. 
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IV. A DESIGN EXAMPLE 


To Illustrate the potential advantages of the multiple beam con- 
figuration over conventional side-looking designs, a rough set of cal- 
culations have been made for a system which would be somewhat compar- 
able to the Seasat SAR [8], The relevant specifications for the Sea- 
sat SAR are listed In Table 1 below. 


Table 1 


SEASAT-A SAR SYSTEM CHARACTERISTICS (after Jordan [8]) 


Satellite Altitude 
Wavelength 
RF Bandwidth 

Pulse Repetition Frequency 
Time Bandwidth Product 
Radar Transmitter Peak Power 
Radar Transmitter Average Power 
Radar Antenna Dimensions 


800 km 
0.23B m 
19 MHz 

1463 to 1640 Hz 
634 

1000 watts 
55 watts 
11 by 2.3 tn 


The design procedure for specifying the multiple beam SAR starts 
with determining the elevation beamwidth. From (1) the minimum value 
of elevation beamwidth is calculated to be 1.12°. It is not advisable 
to design for this minimum beamwidth although it would be desirable to 
do so. If the antenna length In the elevation dimension can be as 
large as the Seasat antenna length in a horizontal dimension, that is 
11 meters, then an elevation beamwidth of 3.16° can be achieved. The 
antenna beam must be steered downward by approximately 70° from the 
broadside direction to provide a nominal 20° incident angle. 

The minimum spacecraft altitude is dictated by the swath width 
specification and the angular extent over which beams are formed. If 
beams are formed within the angular region from = 10° to 4, = 50°, 
then the minimum altitude is computed to be anout 464 km. For this 
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design, a value of bOO km will be taken as nominal. With the specifi- 
cation of the beamwidth and altitude, the unambiquous slant range 
Interval can be computed and Is found to be approximately 10,7 km. 
From (2), an upper limit on the PRF can be calculated. The maximum 
PRF Is found to be about 14 KHz. 

The horizontal dimension design requires computation of the ele- 
ment spacing for the horizontal array. A maximum element spacing of 
about 1 meter or roughly 4.3 X is required to scan an angular region 
of 40“ . 

A number of tradeoffs must be considered before an optimum selec- 
tion for the number of beams and the number of elements in the hori- 
zontal array can be made. For the sake of brevity, we assume that 
four elements will do an adequate job. The element width must pro- 
vide an elemental pattern which will control the grating lobes. An 
element width of approximately .9 meters should l>e adequate. The 
overall antenna size turns out to be about 4 x U meters. This is 
somewhat larger in the narrow dimension than the Seasat antenna but is 
not an unreasonable size. 

If beams are formed symetrically about the antenna broadside then 
the beam pointing angles, measured in occur at s'* = 18, 26, 34, and 
42 degrees. The width of each beam will be on the order of 20“ . This 
beamwidth figure takes into account aperture weighting to reduce side 
lobes levels to acceptable values. A 20“ beanwidth provides adequate 
overlap to insure contiguous coverage across the entire swath. 

The antenna beamwldths define the Doppler ambiguity constraints. 
A maximum Doppler bandwidth of about 5 KHz can be expected. The PRF 
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can therefore be selected from the ranrje of about b to 14 KHz. A nom- 
inal value of 10 KHz seems reasonable for the c a Iriilat Ions which fol- 
low. 

The required average power can be computed from (4) using para- 
meter values comparable to those for the SI-.ASAI radar. The minimum 
sicjnal-to-noisc ratio is chosen to he 10 dM, the receiver noise fi()ure 
Is estimated at 6 db and the minimum average value of o'* at 20" is -13 
db. A nominal value for velocity is /.5 km/sec. The slant range 
resolution corresponding to 1.9 MHz is IS. 79 m. 

From these values the total average transmitter pov/er is found to 
be 4.24 watts while the peak power is 12. h9 watts, tven if these val- 
ues are adjusted to take into account the higher altitude of the SEA- 
SAT radar, they would increase only by a factor of 4.1. The peak 
power savings achieved over the SEASAT design is on the order of 13 
db. 

While many other factors would enter ’nto play in a detailed sys- 
tem design study, the power reduction indicated here is significant 
and demonstrates one principal advantage of the multiple beam con- 
f iguration. 
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V. BEAM FORMATION TECHNll)UKS 

There are a number of ways to Implement multiple beam formation. 
Both digital and analog techniques for forming multiple beams fallow- 
ing coherent reception of the return signal by the individual horizon- 
tal element receiver channels are available [9, 10, ll, 12], 

Analog beam forming requires time or frequency multiplexing of 
the individual element receiver outputs. .Johnson 1.9] has shown that 
if the antenna element signals are time multiplexed, then the antenna 
beam signals are frequency iiultiplexed. Conversely, frequency multi- 
plexed elements produce output signals that are multiplexed in time. 
A novel implementation utilizing the chirp 2-transform (C2T) algorithm 
is shown in Figure 4. The C2T implementation incorporates time multi- 
plexing of the element signals precisely as described by Johnson. 
However, by virtue of the Fourier transform operation, the resulting 
frequency multiplexed beam signals are transformed into time multi- 
plexed beam signals. An additional outcome of utilizing the CZT 
algorithm is that range compression is accomplished within the same 
processing operation. 

The CZT technique requires that the input signal be premul tipi ied 
by a chirp signal of the form e"Jl/^Mt^, The imiltiplied signal is 
then passed through a dispersive filter whose impulse response is a 
similar chirp waveform of the opposite sense [13]. A second multipli- 
cation by following the chirp filter removes a residual 
quadratic phase factor, if required. 

In the be :n formation processor of Figure 8, the premul ti pi ica- 
tion function occurs in the transmitter. The transmitter waveform is 
a linear FM pulse of duration T seconds with a chirp rate of -u 
radians per second squared. 
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Figure 4. An analog beam formation processor based upon the CZT 
algorithm. 












The receiving array element outputs are iiNiltlplexeH at a sampling 
rate of wg. The sampling frequency must be greater than the Nyqulst 
rate In order to provide adequate time separation between the beams. 
The time separation between beams must be large enough to allow the 
entire range interval to be processed for one beam direction before 
the next beam signal appears. 

The bandwidth of the iiultiplexed signal is determined by and 
the number of beams formed. It Is roughly equal to Nbws/<?h HZ, 
Since the processing filter must be matched to the trnasmitter linear 
FM rate, the impulse response duration Tf of the filter can be 
computed as 


T 


”b“s 
f “ 7^ 


T 


where U Is the RF bandwidth in HZ. 

Jean has shown that the output signal from the processing filter 
Is of the form [6]. 


E . = T 
out 


2 


ni 



) 


. y £ gjn[kd„s in Dosing, 
r ^n 


2 urn 


where Ef, = amplitude of the signal from the nth element, 
k * wave number (2 h/a) 
dh “ horizontal element spacing. 

The sin x/x term in the first summation appears due to the pulse 
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compression operation. It Is noted that the output for each beam 
occurs at time 

mw, 

t = . 

M 

The second summation Indicates the formation of the Individual antenna 
beams. 

A potential disadvantage of the C7J beam forming processor Is 
that It Imposes another limit on the P»’F of the transmitter. If the 
full unambiguous range Interval Is to be processed, the PRF must be 
reduced so that all Ny range Intervals can be processed before the 
return from the next succeeding pulse arrives at «.he receiver. This 
need not be a serious limitation for the Multiple Beam SAR, however, 
prov!ded that the antenna elevation beamwidth can be made sufficiently 
narrow. The problem may also be circumvented by employing a range 
gating operation prior to beam formation to allow only the range 
Interval of interest to enter the CZT processing filter. 
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VI. IMAGE FORMATION PROCESSING FOR THE MULTIPLE UEAM SAR. 


Aside from the beam formation operation, the processing steps 
required to form the synthetic aperture image are essentially the same 
for both the iiulitple beam and conventional side looking radars. A 
processing scheme is presented below which is particularly well suited 
to the multiple beam configuration. The processor architecture takes 
advantage of the fact that the imaging geometry naturally conforms to 
the range-Doppler coordinates of the radar. 

Swath coverage is obtained in the Doppler dimension, along con- 
tours of constant range. Sidelooking systems achieve wide swath 
coverage in the range dimension along a contour of constant Doppler, 
usually along the zero Doppler line. For sidelooking systems the 
Doppler compression operation constitutes the major processing 
burden. Because the Doppler chirp rate is a function of range, many 
Doppler filters are req red to process a wide swath image. A separ- 
ate Doppler compression operation must be done for each range resolu- 
tion interval. 

The approach taken in processing the ijwltiple beam image results 
in having to process only a few range bins. More significant than the 
reduction in the number of range bins is the fact that Doppler com- 
pression operation can now be accomplished with a single Doppler 
filter. This comes about because the imaging geometry provides a 
nearly constant Doppler chirp rate across the entire swath. The fil- 
ter bandwidth is determined by the Doppler bandwidth within a single 
antenna beam. The Doppler dimension resolution is determined by the 
number of Doppler samples that are integrated by the filter. 
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An architecture for a Doppler diiiionsion processor is shown in 
Figure 5. The configuration is based upon a processing technique sug- 
gested by Claassen [5]* The processor has a master computer which 
provides control of the range gating operation and calculates the 
adjustments required for motion compensation. The function of the 
range gate controller is to assure that the signal samples are col- 
lected in a precisely controlled sequence. The Doppler signal history 
from which a single set of azimuth resolution elements are formed is 
collected from a narrow strip of terrain through the center of the 
beam. A complete sample set corresponds to the return signal col- 
lected from a strip roughly equivalent to a single range bin. The 

range gate for a given strip is continuously advanced so as to capture 
successive pulses from the same patch of terrain as the vehicle 
advances toward the patch. 

To obtain continuous imaging along the swath several range inter- 
vals must be tracked simultaneously. The number of range bins 
required is roughly given by 


Figure 6 provides an illustration of the range tracking opera- 
tion. Consider the strip of terrain through the center of the beam 
that corresponds to the range bin centered on range Rj. At time 
tj = 2Rl/c, after the first pulse is emitted, the sample corres- 
ponding to this constant range contour is acquired. The second 
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Figure 5. Architecture of a Doppler processor for the Multiple Beam SAR 



















pulse emitted by the transmitter occurs at t = l/PKF. The range to 
the center of the strip being sampled has decreased from Rj to Rj;, 

where R 2 is approximately 

u 

^2 * ^1 ” PftP si n o^cos «j>^ . 

The range gate for the second sample in the Doppler signal his- 
tory of this strip of terrain must occur earlier in time by an amount 
At^ given by 

2V sin Qq coS(}>^ 

At^ = ^ . 

This range gate adjustment is repeated for each successive pulse until 
the required number of samples have been collected. 

It must be noted that while the sample time can be adjusted to 
account for the decrease in range to the center of the strip, the 
range bins rotate about this center point as the radar advances along 
the flight path. There is also an increase in the curvature of the 

range bins as the range to the strip decreases. This rotation and 
change in curvature introduces a range tracking error at the ends of 
the strip which depends upon the velocity, the integration time, the 
range to the target, and the antenna beamwidth. The ground range 
error can be computed by approximating the strip as a straight line 
segment of length 

z = Rph 

where R is the nominal range to the center of the strip and 6^ is 
the azimuth beamwidth. The line segment rotates by an amount 

vTa sin<pi 

A<p = 

Rsin0Q 

The ground range error is approximately 

ARg = 1/2 JIA^I. 
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If this error is to be less than pg, the ground range 
resolution, then the following inequality must hold, 

e^sinu^ 

The Doppler Compression Operation 

To form the individual image resolution elements, in the azimuth 
dimension the collected samples must be processed by the floppier com- 
pression filter. As noted before, the bandwidth of this filter is 
governed by the Doppler signal bandwidth across the antenna beam, 
whereas the frequency resolution is governed by the integration time, 
i.e. by the number of samples that are collected. 

The identity of each resolution element appearing at the filter 
output is expressed in terms of the time delay of the signal through 
the filter. If udj is the offset frequency of the jth Doppler 
resolution element, referenced to the beam center, and is the 
linear FM rate, then this time delay may be written as 



It is not necessary to perform the Doppler compression function 
at the same rate that data are collected. Since all of the data are 
available in storage, the data may be processed at a rate much faster 
than the real-time acquisition rate [14]. 

The adjustments necessary for motion coinpensation are also easily 
incorporated into the Doppler filtering operation. Variation in 
vehicle velocity create corresponding variations in the Doppler chirp 
rate. The chirp rate of the stored data can be dynamically corrected 
to compensate for non-uniform velocity by simply varying the rate at 
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which the data are extracted from the sample storage buffer [13]. 
Since the Doppler chirp rale is very nearly constant over the entire 
imaged swath, this form of motion compensation is applied to all the 
data at once. 

This chirp rate adjustment technique implies the use of an analog 
filter. Other filter Implementations are possible with appropriate 
resampling of the data after the signal has been converted to an ana- 
log form. Of course an all digital processor is possible, but such 
would lack the simplicity of the variable clock rate motion compensa- 
tion scheme. 

Continuous Coverage and Multiple Look Processing. 

As noted previously, several range bins must be tracked concur- 
rently to assure continuous coverage along the swath. The processor 
must begin tracking a new range interval each time the vehicle advan- 
ces by a distance equal to one ground range resolution element. This 
interval must be tracked until the vehicle has advanced by one aper- 
ture integration length. If a multiple look image is desired this 
interval must be tracked for a number of aperture lengths equal to the 
number of multiple looks N£. 

The multiple look images from a given strip within the beam will 
not overlay precisely due to the previously identified range error 
which occurs at the ends of the strip. If the same criterion for the 
maximum allowable range error is applied for multiple look registra- 
tion as was specified for the range error in sampling the Doppler sig- 
nal history, then the number of looks which can be combined without 

range error correction is limited by 

2 p„ sine 

N < ^ 

z e^sine V Ta 
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VII. CONCLUSIONS AND KtCOMMENDATI JNS 


The multiple beam synthetic aperture desiqn concept has been pre- 
sented and compared with conventional side-lookinu architectures. 
Calculations have shown that the multiple beam desiqn offers consider- 
able savings in troiismitter power reguirements at the expense of addi- 
tional processing requirements. Other attributes of the design 
include the ability to image at a nearly constant incident angle while 
achieving wide-swath coverage. The multiple beam configuration also 
employs an antenna system that can preserve the polarization proper- 
ties of the return signal, provided the antenna elements themselves 
can provide good polarization isolation. 

A processing scheme has been presented for the multiple beam SAR 
which offers the potential of on-board, real-time image formation. 
The processor is relatively simple in concept and, it is reasonable to 
expect that it can be implemented with current CCD and SAW technolo- 
gies. 

It is recommended that future development efforts be concentrated 
in two specific areas. First, emphasis should be placed upon antenna 
design technology to develop antenna structures that can provide good 
polarization isolation (> 26 dB, integrated over the full beam), and 
that can be incorporated into the multiple beam conf iguration. 

Secondly, additional work in SAR processor technology is re- 
quired, not only for the nwltiple beam system, but for imaging radars 
in general. The processing techniques presented in this request 
should be pursued by way of computer simulation, followed by actual 
implementation in the laboratory using existing devices that are com- 
mercially available. 
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